Introduction {#s1}
============

The vascular endothelium consists of a continuous monolayer of cells that lines the entire vascular system. Endothelial junctional complexes are important to control endothelial permeability and create a check-point to regulate the transmigration of large cells such as leukocytes, from the bloodstream to secondary lymphoid organs or underlying tissues \[[@B1]--[@B7]\]. Leukocytes leave the bloodstream by interacting with ECs of the vessel walls, through a well-characterized multi-step adhesion molecule cascade \[[@B1]\]. Among the cell adhesion molecules (CAMs) localized at EC junctions \[[@B8]\], PECAM-1 (CD31) \[[@B9]--[@B11]\], the JAMs \[[@B12]--[@B14]\], CD99 \[[@B15]\], PVR (CD155) \[[@B16]\] and VE-cadherin \[[@B17]--[@B19]\] have been described *in vitro* and/or *in vivo* to take part in the leukocyte transmigration process by contributing to the intercellular cohesion and/or by regulating the opening of EC junctions during transmigration. Lymphocyte homing in lymph nodes occurs in high endothelial venules (HEVs) and this process is critical for the homeostatic maintenance of the immune system \[[@B20],[@B21]\]. As the molecular bases that control lymphocyte migration within EC junctions or diapedesis are still largely unknown, the identification of new molecules involved in this process is an important field of research.

Nectins are members of the immunoglobulin superfamily and are structurally related \[[@B22]\]. Four Nectins have been described in humans: Nectin-1 (CD111) \[[@B23]\], Nectin-2 (CD112) \[[@B24]\], Nectin-3 (CD113) \[[@B25]\] and Nectin-4 \[[@B26]\]. They are calcium independent trans-homophilic and trans-heterophilic CAMs \[[@B27]\]. They also trans-interact with the closely related Nectin-like (Necl) molecules and with other less related IgCAMs. We and others previously showed that human Nectin-3 trans-interacts with Nectin-1 and -2 \[[@B28]\] and PVR (also named Necl-5) \[[@B26]\]. Nectin-1 trans-interacts with Nectin-4 \[[@B26]\]. PVR and Nectin-2 also trans-interact with the LFA-1 associated molecule DNAM-1 (CD226) \[[@B16]\]. Nectin associated trans-interactions have been described to ensure natural killer (NK) mediated target cell killing of cancer cells (PVR/DNAM-1 and Nectin-2/DNAM-1) \[[@B29]\] and to regulate monocyte transendothelial migration (PVR/DNAM-1) \[[@B16]\]. Nectins are required for the establishment of adherens cell to cell junctions in epithelial cells \[[@B30]\]. Nectins interact with different scaffold proteins through their cytoplasmic tail including AF-6/Afadin \[[@B31]\] and PICK1 \[[@B32]\] that indirectly link them to the actin cytoskeleton, the E-cadherin system and the JAM family of CAMs.

In the present study, we further investigated the role of Nectins in the trafficking of immune cells and the regulation of EC junctions. We observed that Nectin-3 is the only Nectin expressed on T-lymphocytes, where its function is unknown. As Nectins are expressed on ECs, we explored a possible function of Nectin-3 during the interactions between lymphocytes and ECs.

Materials and Methods {#s2}
=====================

Endothelial cells {#s2.1}
-----------------

Primary human umbilical vein endothelial cells (HUVECs) were obtained from Lonza. HUVECs were maintained in EBM2 medium (Lonza) and used before the fifth passage. All cells were cultivated at 37°C in a 5% CO2 atmosphere at constant humidity.

Isolation of peripheral blood lymphocytes (PBLs) {#s2.2}
------------------------------------------------

Peripheral blood mononuclear cells (PBMCs) were purified from cytapheresis (Etablissement Français du Sang Alpes-Méditerranée, Marseille, France). Samples were diluted 1:10 in PBS, layered over Ficoll separation medium (Lymphoprep, Axis-Shield, Norway) and centrifuged at 2000 rpm for 20 min at room temperature (RT) to remove erythrocytes and polymorphonuclear cells (PMNs). PBMCs were collected at the interface then washed twice with PBS. Peripheral Blood Lymphocytes (PBLs) were purified by monocyte depletion after adhesion during four hours in RPMI medium supplemented with 10% fetal calf serum. For each experiment, the percentage of T lymphocytes present in purified PBLs was checked by FACS analysis and was found to be above 75%.

Antibodies {#s2.3}
----------

Monoclonal antibodies (mAbs) against human Nectin-1 (R1.302 (IgG1)), Nectin-2 (R2.477 (IgG1), L14 (IgG2a)), Nectin-3 (N3.2 (IgG2a), N3.12 (IgG2a)), Nectin-4 (N4.40 (IgG1)), PVR (L95 (IgG1)), DNAM-1 (FS123 (IgG1) and KRA236 (IgG2a)) were previously described \[[@B16]\]. Anti-CD99 (Clone hec 2), anti-AF-6 (BD Biosciences), anti-β-catenin (Zymed), anti-CD34 (Immu 133, Beckman Coulter) mAbs and isotypic controls (Beckman Coulter-Immunotech, France) were used. Alexa-488-labeled and TRITC-labeled secondary antibodies were purchased from Molecular Probes (USA).

Immunohistochemistry {#s2.4}
--------------------

Immuno-detections of Nectin-1, -2, -3 and PVR were performed on frozen sections (5µm) of human placenta, skin and tonsils using different concentrations of mAbs. Specimens were processed with the Universal Dako Kit ChemMate according to the supplier's recommendations, counter-stained for 5 min in Harris hematoxylin and mounted in Dako glycergel mounting medium.

Immunofluorescence microscopy {#s2.5}
-----------------------------

HUVECs were grown on 13-mm round glass coverslips as a confluent monolayer to reach optimal cell to cell contacts. Cells were fixed with 3.7% paraformaldehyde in PBS for 20 min at RT. After blocking aldehydes with 50 mM NH~4~Cl for 10 min at RT, fixed cells were incubated either with 0.2% gelatin (Sigma) in PBS or with 0.2% gelatin and 0.075% saponin (Sigma) in PBS for 20 min. Fixed samples were first labeled with the indicated primary antibodies for 1 h at RT and then incubated with secondary antibodies under the same conditions. Finally, samples were washed, mounted onto slides, embedded with mounting medium (Dako) and visualized using a confocal Leica microscope. Images were processed using the Adobe Photoshop software.

Production and purification of soluble forms of Nectins {#s2.6}
-------------------------------------------------------

Nectins' Fc-tagged and DNAM-1 Fc tagged constructions and production have been described previously \[[@B26]\]. Plasmids were purified with endotoxin-free Qiagen kit, sterilized through 0.22 µm filter, aliquoted then stored at -20°C. The different constructions were transfected in COS cells with Fugene ^TM^6 according to the manufacturer recommendations (Promega). Proteins were purified from supernatants on Affi-Gel protein A. Purification was controlled with Coomassie Blue-stained SDS-Page.

Flow cytometry {#s2.7}
--------------

Nectins are not sensitive to trypsin treatment. HUVECs were thus trypsinized and resuspended after centrifugation in PBS containing 5% FCS. Cells were then incubated with 2-10 µg/ml of the indicated primary antibodies, then with a secondary phycoerythrin-labeled goat anti-mouse antibody (Immunotech, France). Samples were analyzed using a FACSCalibur and Cell Quest pro (BD Biosciences).

*In vitro* binding assay {#s2.8}
------------------------

*In vitro* physical interaction studies between Nectins were performed as previously described \[[@B26]\]. Ultrasorb 96-well trays (Nunc) were incubated overnight at 4 °C with 1 µg/ml goat anti-human Fc affinity-purified serum diluted in PBS (Sigma). After three washes with PBS containing 0.5% Tween 20, wells were incubated with PBS containing 1% bovine serum albumin. After three washes, 10^−7^ M of different chimeric Fc proteins (PVR-Fc, Nec1-Fc, Nec2-Fc, Nec3-Fc, and Nec4-Fc) were incubated for 2 h at 37 °C. After the washes, free anti-human-Fc antibodies were blocked with PBS containing 100 µg/ml human immunoglobulin (Novartis) for 1 h at 25 °C. Biotinylated Nec3-Fc (10^−7^ M) was then incubated for 2 h at 37 °C in the absence of Ca^2+^. After three washes, 2 µg/ml streptavidin peroxidase was incubated for 1 h at 37 °C. After five washes, binding was assessed by incubation with the One-Step ABTS (2,2′-azinobis(3-ethylbenzthiazolinesulfonic acid) substrate (Pierce).

Cell binding assay {#s2.9}
------------------

HUVECs were trypsinized and resuspended after centrifugation in PBS containing 5% FCS. Cells were either untreated or pre-incubated with 2-10 µg/ml of the indicated antibodies against Nectin-1, Nectin-2, or PVR, alone or in combination for 2 hours at 4 °C. 1.5 µM of different chimeric Fc proteins (Nec3-Fc or DNAM-1-Fc) were incubated for 2 h at 4 °C. After washes, FITC-conjugated goat anti-mouse and PE-conjugated goat anti-human mAbs were then used as secondary reagents and incubated for 1 h at 4 °C. Cells were then analyzed by two color FACS analyses for Nec3-Fc and DNAM-1-Fc binding. Alternatively, HUVECs were transfected with control or 2 different Nectin-2 siRNAs (Invitrogen) using Fugene ^TM^6 according to the manufacturer recommendations (Promega) and cell binding assays were performed three days post transfection.

Transendothelial migration assay {#s2.10}
--------------------------------

HUVECs were trypsinized and plated onto 0.1% gelatin (Sigma) coated Costar transwell inserts (5 µm pore size, 6.5-mm diameter), at 3.5 x 10^4^ cells/well. EC monolayers were grown to confluency for four days at 37°C. Permeability of HUVEC monolayers was assessed using FITC-Dextran (38,900 da) at 1 mg/ml. Fluorescence was monitored at 520 nm using a Walla Victor fluorometer. HUVECs were not activated by cytokines. Transmigration experiments with monocytes were performed as described previously \[[@B16]\]. Transmigration experiments with lymphocytes were led by adding 5 x 10^5^ PBLs on each transwell insert. PBLs were let to transmigrate for 3 h at 37°C using SDF1α (250 ng/ml) as a chemo-attractant in the lower chamber. Indicated antibodies were used at a 20 µg/ml concentration. Transmigrated lymphocytes were recovered from the bottom of the well and counted. Cells were finally analyzed by flow cytometry. Each condition was performed in triplicate.

Statistical analysis {#s2.11}
--------------------

Data are presented as mean [+]{.ul} SEM and were analysed using unpaired Student's *t* test. *P\<0.05* was considered statistically significant.

Results {#s3}
=======

Nectin-3 is expressed on T-lymphocytes and binds to EC ligands {#s3.1}
--------------------------------------------------------------

Nectins constitute a group of four structurally related CAMs \[[@B22]\]. As we previously reported, PVR (Necl-5) is expressed at EC junctions and interacts with DNAM-1, expressed on monocytes, to regulate monocyte extravasation \[[@B16]\]. To investigate whether Nectins can regulate the extravasation process of other immune cells, we first assessed their expression by FACS analysis on other circulating cells such as lymphocytes. Within the Nectin family, we observed that T-lymphocytes only express Nectin-3 at their cell surface ([Figure 1A](#pone-0077424-g001){ref-type="fig"}) and do not express Nectin-1 \[[@B33]\], Nectin-2 ([Figure 1A](#pone-0077424-g001){ref-type="fig"}) or Nectin-4 \[[@B34]\].

![Nectin-3 is expressed on T-lymphocytes and binds to a junctional ligand on ECs.\
**A**: Fresh PBMCs were gated on lymphocytes on the basis of both size and granularity. Cells were analyzed by two color-immunofluorescence and cytometry with anti-CD3 in combination with anti-Nectin-2 (R2.477), anti-Nectin-3 (N3.12) and anti-DNAM-1 (FS123) mAbs. DNAM-1, previously described to be expressed on T-cells, was taken as a positive control \[[@B51]\]. **B**: Binding of soluble Nectins and DNAM-1 to HUVECs was analyzed by FACS as indicated. **C**: Binding of soluble Nectins and DNAM-1 to HUVECs was analyzed by one color-immunofluorescence as indicated. Bold arrows show junctional stainings. Bar, 50 µm.](pone.0077424.g001){#pone-0077424-g001}

Nectin-3 is a homophilic and heterophilic CAM \[[@B27]--[@B29]\]. We first evaluated whether Nectin-3 counter-receptors are expressed by ECs. We therefore used a recombinant soluble form of Nectin-3 (Nec3-Fc) in a cell binding assay on HUVECs. Soluble Nectin-3 (Nec3-Fc) but not soluble Nectin-2 (Nec2-Fc) bound strongly to ECs, similarly to soluble DNAM-1 (DNAM-1-Fc) providing evidence that some of Nectin-3 ligands are expressed on ECs ([Figure 1B](#pone-0077424-g001){ref-type="fig"}). Immunofluorescence analysis of the localization of soluble Nectin-3 binding on ECs revealed that soluble Nectin-3 labeling delineates EC junctions similarly to soluble DNAM-1. Our results therefore suggest that Nectin-3 recognizes ligands expressed at EC junctions ([Figure 1C](#pone-0077424-g001){ref-type="fig"}).

Nectin-3 ligands are expressed at cell to cell junctions and at the apical side of primary ECs {#s3.2}
----------------------------------------------------------------------------------------------

According to the Nectin network of trans-interactions, Nectin-3 can trans-interact with itself, Nectin-1, -2 and PVR \[[@B27]--[@B29]\]. We initially reported that PVR and Nectin-2 are expressed on vascular ECs such as HUVECs \[[@B16]\]. Using in house anti-Nectins' mAbs that we previously characterized to be specific, we further investigated the expression of Nectins on primary ECs: FACS analyses showed that Nectin-1 and Nectin-3 are also expressed on HUVECs while Nectin-4 is not ([Figure 2A](#pone-0077424-g002){ref-type="fig"} and data not shown). Interestingly, Nectins show different patterns of localization: Nectin-2, -3 and PVR are expressed at EC junctions, as previously described in epithelial cells ([Figure 2B](#pone-0077424-g002){ref-type="fig"}) \[[@B31]\]. AF-6, their main cytoplasmic partner, has a highly similar localization as it is also expressed at EC junctions marked by β-catenin ([Figure 2C](#pone-0077424-g002){ref-type="fig"}). Nectin-1 is however localized outside EC junctions rather than at intercellular junctions as described in epithelial cells ([Figure 1B](#pone-0077424-g001){ref-type="fig"}) \[[@B31]\]. Since soluble Nectin-3 binds to junctional ligands, we can assume that Nectin-1 is not the main counter receptor of Nectin-3 expressed on ECs. Nevertheless, our data show that Nectin-2, -3 and PVR, all expressed at EC junctions, are good candidates to bind to soluble Nectin-3.

![Nectins are expressed on primary ECs.\
HUVEC confluent monolayers were analyzed by FACS (**A**) and immunofluorescence (**B**) with anti-Nectin-1 (R1.302), anti-Nectin-2 (R2.477), anti-Nectin-3 (N3.12), anti-PVR (PV.404) and (**C**) with anti-AF-6 and anti-β-catenin mAbs. Bar, 50 µm.](pone.0077424.g002){#pone-0077424-g002}

Endothelial Nectin-2 is the main counter-receptor of Nectin-3 {#s3.3}
-------------------------------------------------------------

We then tried to analyze the binding of Nectin-3 to its respective ligands expressed by ECs. We therefore characterized Nectin-3 trans-interactions using our previously described *in vitro* binding assay \[[@B26]\]. We confirm that Nectin-3 can interact with itself (homophilic trans-interactions) and displays three heterophilic direct trans-interactions with Nectin-1, -2 and PVR. Nectin-3 does not bind to Nectin-4. At least *in vitro*, Nectin-3 seems to preferentially bind to Nectin-1 and -2 ([Figure 3A](#pone-0077424-g003){ref-type="fig"}). Nectin-3 trans-interacts with PVR, at a level similar to Nectin-3 homophilic trans-interaction ([Figure 3A](#pone-0077424-g003){ref-type="fig"}). To discriminate and assess the respective roles of Nectin-1, -2 and PVR on ECs ([Figure 3A and B](#pone-0077424-g003){ref-type="fig"}), we tried to block the binding of a soluble form of Nectin-3 (Nec3-Fc) to ECs. Anti-Nectin-1, -2 and anti-PVR mAbs known to functionally block Nectin trans-interactions were used. ECs were double stained and analyzed by FACS to simultaneously monitor the binding of mAbs pre-incubated on ECs and the subsequent binding of Nec3-Fc ([Figures 3B](#pone-0077424-g003){ref-type="fig"} and [S1A](#pone.0077424.s001){ref-type="supplementary-material"}). The binding of Nec3-Fc to ECs was not modulated by anti-PVR mAbs (L95) and only slightly by anti-Nectin-1 mAbs (R1.302). However, anti-Nectin-2 incubation on ECs induced a strong inhibition of Nec3-Fc binding to ECs ([Figures 3B](#pone-0077424-g003){ref-type="fig"} and [S1A](#pone.0077424.s001){ref-type="supplementary-material"}). Interestingly, blocking Nectin-2 and Nectin-1 trans-interactions completely inhibited Nec3-Fc binding to ECs whereas other combinations of mAbs (Nectin-1/PVR or Nectin-2/PVR) were ineffective. As previously described, anti-Nectin-2 mAbs did not modulate soluble DNAM-1 binding to ECs while anti-PVR mAbs did so \[[@B16]\]. Nectin-2 was also depleted from ECs by two different siRNAs and we observed that Nec3-Fc binding was reduced accordingly ([Figure S1B](#pone.0077424.s001){ref-type="supplementary-material"}). Altogether our results demonstrate that among its ligand expressed on ECs, soluble Nectin-3 preferentially binds to Nectin-2. We therefore confirm that Nectins and their ligands depict some level of specificity as we had previously described that soluble DNAM-1 binds to endothelial PVR \[[@B16]\].

![Endothelial Nectin-2 is the major Nectin-3 counter receptor.\
**A**: Direct binding of soluble Nectin-3 (Nec3-Fc) (10^-7^ M) to indicated immobilized ligands (10^-7^ M). Interactions were measured by ELISA. **B**: Binding of Nec3-Fc (1.5 µM) to HUVECs pre-treated with the indicated mAbs (20 µg/ml). HUVECs were either untreated or pre-treated with anti-Nectin-1 (R1.302), anti-Nectin-2 (R2.477) or anti-PVR (PV.404) mAbs alone or in combinations. Nec3-Fc and DNAM1-Fc binding to HUVECs was then analyzed by FACS.](pone.0077424.g003){#pone-0077424-g003}

Nectin-3 functionally interacts with Nectin-2 to promote the transendothelial migration of lymphocytes {#s3.4}
------------------------------------------------------------------------------------------------------

As Nectin-3 is expressed on lymphocytes and soluble Nectin-3 specifically binds to Nectin-2 expressed at EC junctions, we investigated whether the direct trans-interaction between Nectin-3 and -2 plays a role during the lymphocyte extravasation process similarly to the interaction between DNAM-1 and endothelial PVR during monocyte extravasation \[[@B16]\]. We therefore explored the ability of anti-Nectin-2 and anti-Nectin-3 mAbs to block primary lymphocyte transmigration using an *in vitro* transendothelial model based on Boyden chambers. Anti-Nectin-2 (R2.477 or L14) and anti-Nectin-3 (N3.12) blocking mAbs induced a significant inhibition of lymphocyte transmigration when compared to isotype-matched irrelevant antibodies (anti-CD34 mAb) ([Figure 4A](#pone-0077424-g004){ref-type="fig"}). Anti-Nectin-2 and -3 mAbs inhibited lymphocyte transmigration similarly to the inhibition obtained after anti-CD99 mAb treatment, taken as a positive control \[[@B35]\]. Importantly, the inhibition of lymphocyte transmigration was observed when anti-Nectin-2 mAbs are incubated only on ECs or when anti-Nectin-3 mAbs are incubated only on lymphocytes ([Figure 4A](#pone-0077424-g004){ref-type="fig"}). Also, no change in lymphocyte transmigration was detected when incubating anti-Nectin-3 mAbs only on ECs ([Figure 4A](#pone-0077424-g004){ref-type="fig"}). Our results thus identify Nectin-3 on lymphocytes and Nectin-2 on ECs as a new pair of CAMs required for lymphocyte extravasation. Finally, we investigated whether Nectin-3 and -2 specifically regulate lymphocyte transmigration or whether this pair can also promote the extravasation of other circulating immune cells. We found this to be the case since blocking Nectin-3/Nectin-2 binding with mAbs also inhibited monocyte transendothelial migration in a Boyden chamber assay ([Figure 4B](#pone-0077424-g004){ref-type="fig"}). This inhibition reaches similar levels to those observed when we block either the Nectin-3/Nectin-2 interaction during lymphocyte extravasation ([Figure 4A](#pone-0077424-g004){ref-type="fig"}), or the PVR/DNAM-1 interaction during monocyte transmigration \[[@B16]\]. Altogether, our results demonstrate that Nectin-3 expressed on lymphocytes and monocytes, and endothelial Nectin-2 represent a new pair of transmembrane receptors that functionally trans-interact to promote the transmigration of immune cells.

![Nectin-2 interacts with Nectin-3 during lymphocyte transmigration.\
**A**: Lymphocyte transmigration through HUVEC monolayers was performed in the presence of anti-Nectin-2 (R2.477 or L14) blocking mAbs on ECs only, anti-Nectin-3 (N3.12) blocking mAbs on ECs only (EC), lymphocytes only (PBLs) or ECs and lymphocytes (ECs + PBLs). Anti-CD99 blocking mAbs were used as a positive control \[[@B35]\]. **B**: Monocyte transmigration was performed in the presence of anti-Nectin-2 (R2.477 or L.14) or anti-Nectin-3 (N3.12 or N3.2) blocking mAbs. In all experiments, either anti-Nectin-4 (N4.40) or anti-CD34 (Immu133) mAbs were used as isotype matched irrelevant antibodies. The value 100% corresponds to the number of lymphocytes or lymphocytes that transmigrate in the presence of the anti-CD34 mAbs. Each measurement was performed in triplicate. The results were obtained from three independent experiments. Values are mean ± SEM (error bars; N≥3); \*\*\*, P \< 0.001; \*\*, P \< 0.01; \*, P \< 0.05.](pone.0077424.g004){#pone-0077424-g004}

Nectin-2 is expressed on High Endothelial Venules {#s3.5}
-------------------------------------------------

To investigate the functional relevance of the trans-interaction between Nectin-3 and Nectin-2 for the extravasation of lymphocytes, we assessed the expression of Nectins in lymph nodes by immunohistochemistry. We paid particular attention on ECs expressed in these primary tissues i.e. High Endothelial Venules and lymphatic sinuses. Both types of vessels are actively involved in lymphocyte homing *in vivo* \[[@B20],[@B21]\]. Our results show that Nectin-2, but no other Nectins or PVR, is highly expressed on HEVs and on ECs from lymphatic sinuses taken as positive controls ([Figure 5](#pone-0077424-g005){ref-type="fig"}, right column). This pattern of expression is specific for lymph nodes: we indeed observed that all Nectins and PVR are expressed on vascular ECs from placental tissue ([Figure 5](#pone-0077424-g005){ref-type="fig"}, left column) \[[@B16],[@B26]\]. Nectin-2 and PVR are also expressed on vascular ECs from the skin ([Figure 5](#pone-0077424-g005){ref-type="fig"}, middle column). Our results show for the first time that Nectin-2 is the only Nectin expressed *in vivo* on HEVs where it could interact with Nectin-3 expressed on lymphocytes and play a role during lymphocyte extravasation.

![Nectin-2 is expressed on HEVs.\
Frozen sections of human placenta, skin and lymph nodes were analysed by immunohistochemistry with anti-Nectin-1 (R1.302), anti-Nectin-2 (R2.477), anti-Nectin-3 (N3.12), anti-PVR (PV.404) or anti-AF-6 mAbs. Representative images are shown. Bold arrows show positive specific HEV staining and arrows show negative HEV staining. Bars, 20 µm.](pone.0077424.g005){#pone-0077424-g005}

Discussion {#s4}
==========

Cell adhesion molecules regulate many physiological processes under normal and pathological conditions. Among them, vascular CAMs regulate the transendothelial migration of circulating cells from blood to secondary lymphoid organs or underlying tissues. They take part in the homing process of lymphocytes, ensuring their patrolling functions, in the extravasation of PMNs and monocytes during the inflammation process, and enable the dissemination of cancer cells from a primary tumour to invade new tissues and form metastases \[[@B36]\].

Identifying new molecules involved in the transmigration process is important to understand its regulation. In the present study, we show that Nectin-3 is a new CAM expressed by lymphocytes. We identify Nectin-2, localized at intercellular junctions, to be the preferential Nectin-3 counter receptor expressed on ECs. We demonstrate that Nectin-3 expressed on lymphocytes functionally trans-interacts with Nectin-2 expressed on ECs to regulate lymphocyte extravasation. As Nectin-2 is highly expressed on HEVs, the Nectin-3/Nectin-2 trans-interaction may therefore be required for an efficient recirculation of lymphocytes throughout the body. Although previous studies have identified endothelial Nectin-2 and PVR to be important for the transmigration of effector memory CD4+ T lymphocytes \[[@B37]\], our results go further as we depict the molecular mechanisms of its implication during lymphocyte extravasation; we identified Nectin-2 expressed on ECs to be Nectin-3 preferential ligand expressed on lymphocytes. As Nectin-3 expression is found on all CD3+ T-cells, we can postulate that both CD4+ and CD8+ T-cell populations may transmigrate through ECs. As we show that Nectin-2 is expressed on HEVs, it will be important in the future to validate our results *in vivo* with mouse models of extravasation and to use ECs from lymph nodes such as HEVs and assess the role of the Nectin-3/Nectin-2 trans-interaction with this model.

Leukocyte extravasation follows a well described CAM cascade \[[@B1]\]. The latest step, referred to as diapedesis, is highly regulated as the permeability of blood vessels is maintained while immune cells migrate through EC junctions. Junctional adhesion molecules perform a guidance/traction function to enable leukocyte migration through EC junctions, as suggested for PECAM-1 \[[@B38],[@B39]\]. The precise step of action of Nectin-2 remains to be explored but due to its localization and similarly to PVR \[[@B16]\], CD99 and PECAM-1 \[[@B15]\], it will mostly be required for the diapedesis step and not during the early adhesion to ECs. PECAM-1, PVR and CD99 act sequentially during the diapedesis step \[[@B15],[@B40]\]. We reported that PVR binds to DNAM-1 to ensure monocyte transmigration \[[@B16]\]. DNAM-1 cis-interacts with LFA-1 and its function is dependent of the expression of LFA-1, as DNAM-1 is not active in Leukocyte Adhesion Deficiency (LAD) patients \[[@B41]\]. As JAM-A is a LFA-1 ligand, we can postulate that CAM complexes may communicate with each other and thus guide leukocytes during the different steps of the diapedesis process. Nectin-2 and JAM-A in ECs may not be cis-associated like LFA-1 and DNAM-1 in leukocytes, but their association could be driven by cytoplasmic scaffold proteins. By analogy with epithelial cells, Nectin-2 on ECs may be connected to JAM-A via their common cytoplasmic partners AF-6 and α-Catenin ([Figure 1](#pone-0077424-g001){ref-type="fig"}) \[[@B42],[@B43]\], PICK1 \[[@B32]\] and indirectly to PECAM-1 via Catenins \[[@B44],[@B45]\]. Nectin-2 could also cis-dimerise at cell to cell junctions through its heterophilic interactions and guide the extravasation process. Interestingly, the engagement of Nectins activates different downstream signalling pathways. It leads to the activation of Rac1 and Cdc42, and in parallel it is known that Rac1 activation induces a rapid loss of VE-cadherin adhesion at EC junctions \[[@B46]\]. The trans-interactions between Nectins or PVR expressed on ECs and their ligands expressed on circulating immune cells could therefore induce EC junction opening and promote leukocyte diapedesis during the extravasation process. It will be important to study if Nectins also take part in the trans-cellular route of diapedesis.

Nectin-1 is localized at epithelial adherens junctions and interacts with AF-6 \[[@B26],[@B31]\]. Nectin-3 binds strongly to Nectin-1 *in vitro* using recombinant proteins ([Figure 3A](#pone-0077424-g003){ref-type="fig"}) but only slightly on ECs as it seems that Nectin-1 only serves as a Nectin-3 counter receptor when Nectin-2 is not accessible ([Figure 3B](#pone-0077424-g003){ref-type="fig"}). Surprisingly, Nectin-1 was not found at EC junctions but was expressed diffusely, possibly at the apical part of ECs ([Figure 1B](#pone-0077424-g001){ref-type="fig"}). Similar disparity has been described for members of the Cadherin family: VE-cadherin is expressed at EC junctions while N-cadherin is expressed at the apical part of ECs. A dominant signal localized in the cytoplasmic tail of VE-cadherin prevents N-cadherin localization to EC junctions \[[@B47],[@B48]\]. Nectin-1, while excluded from cell to cell junctions, could thus play a different role during the extravasation process of circulating cells. Our results demonstrate that Nectins, even when they are expressed in the same tissues or on the same cells, could display different specificity of trans-interactions and thereby carry out different functions.

Conclusions {#s5}
===========

We present here, the first demonstration that Nectin-3 and -2 form a new pair of receptors that promotes lymphocyte and monocyte transendothelial migration. Some CAMs required for leukocyte extravasation can also play a role during cancer cell extravasation and the formation of metastases \[[@B49],[@B50]\]. As Nectins are highly expressed in cancer cells, it will be important to investigate whether they are implicated in cancer cell extravasation as well as in inflammatory diseases.
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**Nectin-3 major counter receptor on ECs is Nectin-2.** **A**: Complementary bar graph representing the binding of Nec3-Fc and DNAM-1-Fc (1.5 µM) to HUVECs treated with the indicated mAbs as shown in Figure 3B. **B**: HUVECs were transfected with the indicated siRNAs. A representative histogram of Nectin-2 cell surface expression by FACS analysis is shown (left panel). Nec3-Fc binding (1.5 µM) to HUVECs after siRNA transfection of HUVECs with the indicated siRNAs is presented (right panel).
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